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PROBLEM TO BE SOLVED: To provide a field effect transistor for 
controlling or amplifying digital electrical signals or analog electrical 
signals of very high frequency. 

SOLUTION: The field effect transistor, which comprises a channel 
provided on a substrate, a source electrode connected to a starting end 
of the channel, a drain electrode connected to an end of the channel, 
an insulator formed on the channel or on a side surface thereof, and a 
gate electrode formed on the channel or on the side surface thereof via 
the insulator, is characterized in that the channel is constituted of a 
plurality of carbon nanotubes. . 
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• NOTICES ♦ 

JPO and NCIPI are not responsible for any 
damages caused by the use of tlixs translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

CLAIMS 

[Claim(s)] 

[Claim 1] The field-effect transistor characterized by a channel consisting of carbon nanotubes in the field-efTect transistor which 
consists of the channel a charged particle runs, the source field and drain field connected to a part of channel, respectively, and a gate 
electrode combined with a channel in electromagnetism. 

[Claim 2] The field-effect transistor according to claim 1 characterized by the electrical property of a carbon nanotube being a semi- 
conductor mold. 

[Claim 3] The field-effect transistor according to claim 1 or 2 characterized by including the case where there is nothing when helicity 

is in a carbon nanotube at a carbon nanotube, including a monolayer carbon nanotube or a multilayer carbon nanotube. 

[Claim 4] A field-effect transistor given in claim 1 characterized by the charged-particle donator being added by the carbon nanotube 

thru/or any 1 term of 3. 

[Claim 5] A charged-particle donator is a field-effect transistor according to claim 4 characterized by being alkali metal. 
[Claim 6] A charged-particle donator is a field-effect transistor according to claim 4 characterized by being a halogen atom or a 
halogen molecule. 

[Claim 7] A field-effect transistor given in claim I characterized by the carbon nanotube having connoted the charged-particle supply 
object thru/or any 1 term of 6. 

[Claim 8] The field-effect transistor according to claim 7 characterized by the charged-particle donators connoted by the carbon 
nanotube being fullerene. 

[Claim 9] Fullerene is a field-effect transistor according to claim 8 characterized by carrying out chemical modification. 
[Claim 10] Fullerene is a field-effect transistor given in either of claims 8 or 9 characterized by having connoted the metal or the 

molecule. - ■ i 

[Claim 1 1] A field-effect transistor given in claim 1 characterized by connecting the gate electrode to a channel through an insulator 
layer thru/or any 1 term of 1 0. 

[Claim 12] A field-efTect transistor given in claim 1 characterized by using a caibon nanotube as a gate electrode thru/or any 1 term of 
II. 

[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the field-effect transistor for controlling or amplifying the digital electrical signal or 

analog electrical signal of a very high frequency. 
[0002] 

[Description of the Prior Art] It follows on improvement in the speed of information processing in recent years, a communication link, 
etc., and the need of the electron device which controls or amplifies the digital electrical signal or analog electrical signal lOOGHz or 
more of a very high frequency is increasing. 

[0003] There are III-V group compound field-effect transistors, such as GaAs, as a typical electron device used for the above- 
mentioned object. The mimetic diagram of the cross section of a typical field-effect transistor is shown in drawing 6, and a mimetic 
diagram on top is shown in drawing 7. For a channel and 3, as for a drain electrode and 5, in drawing 6 and drawing 7, a source 
electrode and 4 are [ 1 / a substrate and 2 / an insulator and 6 ] gate electrodes. Generally a channel consists of semi-conductors and 
the charged particle which contributes to electric conduction exists in a channel. A charged particle is an electron or an electron hole. 
[0004] A field-effect transistor is equipment which transforms the voltage signal inputted into a gate electrode into the current signal 
outputted from a source electrode or a drain electrode. If an electrical potential difference is applied between a source electrode and a 
drain electrode, the charged particle which exists in a channel will move between a source electrode and drain electrodes according to 
the direction of electric field, and will be outputted as a current signal from a source electrode or a drain electrode. A current signal is 
proportional to the consistency and rate of a charged particle in a channel. If an electrical potential difference is applied to the gate 
electrode which touched the channel top or the side face through the insulator, since the consistency of the charged particle which 
exists in a channel will change, a current signal can be changed by changing gate voltage. 

[0005] The working speed of a field-effect transistor is determined by the time amount to which a charged particle runs a channel. It is 
decided more by the time amount to which a charged particle runs (gate length) of the part which touched the gate electrode 
through the insulator among channels that it will be accuracy. The travel speed of the charged particle which exists in a channel 
increases by increasing the electrical potential difference between a source electrode and a drain electrode. However, since a 
dispersion probability increases with the increment in a travel speed, a rate does not increase more than [ a certain ] fixed. The value is 
called saturation velocity. It sets gate length to Ig by setting saturation velocity of a charged particle to vs, and the cut-ofif frequency fT 
which is the index of the working speed of a field-effect transistor is given by fT=vs/2pilg. 

[0006] What is necessary is to increase saturation velocity or just to decrease gate length, in order for working speed to increase 
buildup, i.e., cutoff velocity. Gate length is determined by the ultra-fine processing technology over a gate electrode, and can decrease 
in number to about 0.1 micrometers in the actual condition. What is necessary is just to use a semi-conductor with high saturation 
velocity as a channel, in order to make saturation velocity increase. Current and gallium arsenide are used well and the saturation 
velocity is 1x107 cm/s. If gate length is set to 0.1 micrometers, cut-off frequency will be set to 160GHz. 
[0007] 

[Problem(s) to be Solved by the Invention] The electron device which controls or amplifies the digital electrical signal or analog 
electrical signal of a frequency still higher than the frequency which can be processed by the field-effect transistor made from gallium 
arsenide is needed with improvement in the speed of information processing in recent years, a communication link, etc. Therefore, the 
field-effect transistor using an ingredient with still larger saturation velocity is needed. 
[0008] 

[Means for Solving the Problem] This invention offers the field-effect transistor characterized by constituting a channel with a carbon 
nanotube in the field-effect transistor which consists of a gate electrode installed on the channel through the channel installed on the 
substrate, the source electrode connected to the start edge of a channel, the drain electrode connected to the termination of a channel, 
the insulator installed on the channel, and the insulator. 

[0009] Moreover, it is still more effective in a carbon nanotube being a semi-conductor mold. Either a monolayer carbon nanotube or a 
multilayer carbon nanotube is OK as a carbon nanotube. 

[0010] Moreover, the field-effect transistor which added the charge donator to the channel is offered. The field-effect transistor using 

alkali metal as an electrification donator is offered. Moreover, the field-effect transistor using a halogen molecule is offered. 

[001 1] Moreover, in the field-effect transistor which uses a carbon nanotube as a channel, the field-effect transistor characterized by 

the charged-particle donator being connoted by the carbon nanotube is offered. The field-effect transistor which uses as a channel the 

carbon nanotube which connoted fullerene is offered. 

[0012] 

[Embodiment of the Invention] The saturation velocity of a carbon nanotube is attained to 8x107 cm/s by controlling impurity 
scattering and lattice scattering. This corresponds by 8 times the gallium arsenide. We found out that a field-effect transistor with the 
cut-off frequency of ITHz or more was obtained by using this ingredient as a channel. 

[0013] Since the diameter of a carbon nanotube is very small, there is a limit in the current which can be passed to one monolayer 
carbon nanotube, and it is about [ a maximum of Imicro ] A, About 1mA is required as a current signal of a field-effect transistor 
practically. However, the field-effect transistor which can be equal to practical use can be offered by constituting as a channel what 
arranged two or more carbon nanotubes. The number of the carbon nanotubes to arrange is 100,000 from ten. 
[0014] In the usual field-effect transistor, switching operation is carried out bordering on a certain gate voltage (threshold electrical 
potential difference). The electrical-potential-difference value is determined by the own property and own charged-particle donator of 
a channel. A charged-particle donator can be added to a channel for the purpose of adjusting a threshold electrical potential difference. 
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[0015] Usually there are an electron donor and an electron hole donator as charged-particle donator. As an electron donor, it turns out 
tiiat alkali metal such as sodium, a potassium, a rubidium, and caesium, is effective. Moreover, it turns out as an electron hole donator 
that a halogen atom or halogen molecules, such as chlorine, a bromine, and iodine, are effective. Moreover, a molecule also works as a 
charged-particle donator, for example, ammonia and a benzalkonium chloride work as an electron donor, and an oxygen molecule 
works as an electron hole donator. If an electron donor is added, it will operate as a field-effect transistor of n mold, and threshold 
voltage can be adjusted in the negative direction by increasing the addition. Moreover, if an electron hole donator is added, it will 
operate as a field-eflfect transistor of p mold, and threshold voltage can be adjusted in die forward direction by increasing the addition. 
[00161 A charged-particle donator may exist in the exterior of a carbon nanotube. and a carbon nanotube may connote it. The carbon 
nanotube's connotation of the charged-particle donator acquires the electrical property by which it was hard coming to win populanty 
the effect from the external world, and it was stabilized. 

[0017] Hereafter, the example of this invention is explained to a detail, referring to a drawing. 

[0018] Drawing 1 is the mimetic diagram showing the cross-section structure of the 1st example of the field-effect transistor of this 

invention. Drawing 2 is the mimetic diagram of the top face of the 1st example. For a channel and 3, as for a drain electrode and 5, m 

drawing 1 and drawing 2, a source electrode and 4 are [ 1 / a substrate and 2 / an insulator and 6 ] gate electrodes. 

[0019] A substrate should just be an insulating substrate or a senu-conductor nature substrate. What is necessary is just to use 

insulating resin, such as silicon oxide, silicon nitride, an aluminum oxide, titanium oxide, a calcium fluoride, acrylic resin, and an 

epoxy resin, polyimide. Teflon (trademark), etc. as an insulator substrate. What is necessary is just to use silicon, germanium, gallium 

arsenide, indium phosphide, carbonization silicon, etc. as a semi-conductor substrate, for example. The flat thing of a substrate front 

face is desirable. . • t u- 

[0020] It is very good in the structure which formed the insulator layer on the conductive substrate like drawing 3. In this case, a 

conductive substrate can be made to act also as 2nd gate electrode. . . • , 

[0021] It considers as a channel by making two or more carbon nanotubes arrange between a source electrode and a drain electrode. It 

does not limit about the synthetic approach of a carbon nanotube. For example, what is necessary is just to compound by the laser 

ablation method, the arc discharge method, and the chemical-vapor-deposition method. Moreover, a monolayer carbon nanombe is 

sufficient as a carbon nanotube, and a multilayer carbon nanotube is sufficient as it. The contiguity distance of the carbon nanotube 

arranged to the channel should just be in the range of 10 micrometers from 0.3nm. The array direction of a carbon nanotube is not 

limited only to a longitudinal direction. You may arrange simultaneously also in the vertical direction. 

[0022] It is made to connect with the ends HASOSU electrode and drain electrode of a carbon nanotube electrically. 

[0023] As an approach of making a carbon nanotube arranging, the approach using a self-organizing molecular film is on a substrate. 

Some substrates are covered for example, with an aminopropyl ethoxy silane molecular film, and a bonnet and other parts are covered 

for example, with a hexamethyldisilazane molecular film. The former molecular film has the property in which it is just charged. Since 

a carbon nanotube has the property in which it is charged in negative, it sticks to the former molecular film selectively according to 

Coulomb force. It hardly sticks to the latter molecular film. By the approach of electron beam exposure or optical exposure, since 

pattern formation of a molecular film is possible, a nanotube can be arranged in the location of arbitration, and it can also arrange 

[0024fThere is an approach using a photo pincette as an approach of operating a carbon nanotube. If this completes light, the particle 
of micron size will condense it. The approach of making a channel accumulating a carbon nanotube using this approach may be used. 
Moreover, a nanombe may use the sense and a cone property in the direction of electric field, and may align a nanotube. 
[0025] A source electrode and a drain electrode should just be metals. For example, what is necessary is just to use gold, silver, 
platinum, titanium, titanium carbide, a tungsten, aluminum, molybdenum, chromium, etc. A source electrode and a drain electrode 
may be attached at the head of a carbon nanotube, and you may attach in a side face. Before a source electrode and a dram electrode 
form a channel, they may be formed, and after forming a channel, they may be formed. Moreover, in the case of electrode formation, 
the range of 300 degrees C and 1 000 degrees C may be heat-treated for the purpose of better electrical installation. Moreover, the 
resist which diffused the carbon nanotube may be applied on a substrate, this resist may be exposed and developed, and an electrode 
may be made to adhere. v • i * 

[0026] Although a direct gate electrode may be formed on a carbon nanotube, a gate electrode may be formed through a thm insulator 
layer. What is necessary is just to use self-organizing molecular films, such as polymeric materials, such as inorganic materials, such 
as silicon oxide, silicon nitride, an aluminum oxide, titanium oxide, and a calcium fluoride, acrylic resin, an epoxy resin, polyimide, 
and Teflon, and an aminopropyl ethoxy silane, etc. as an insulator layer. Since there is. no dangling bond in the side face of a carbon 
nanotube, it is inactive chemically, and there is a degree of fi-eedom in selection of an insulator. 

[0027] What is necessary is just to use a conductor for a gate electrode, for example, gold, silver, platinum, titanium, titanium carbide, 
titanium nitride, a tungsten, and silicification - a tungsten, a nitriding tungsten, aluminum, molybdenum, chromium, and 
polycrystalline silicon - or - the ~ what is necessary is just to combine and come out 

[0028] A carbon nanotube may be used as a gate electrode. In that case, very short gate length is obtained. The carbon nanotube to be 
used is good at a monolayer carbon nanotube, a multilayer carbon nanotube, and a metal connotation carbon nanotube. A metallic 
carbon nanotube is desirable. u • 

[0029] Drawing 4 is the mimetic diagram showing the top face of the 2nd example of the field-effect transistor of this uivention. 1 - 
for a source electrode and 4, as for an insulator and 6, a drain electrode and 5 are [ a substrate and 2 / a channel and 3 / a gate electrode 
and 7 ] charged-particle donators. A charged-particle donator supplies an electron or an electron hole to a carbon nanotube. The 
consistency of the charged particle which exists in a carbon nanotube is controllable by this. 

[0030] What is necessary is just to use alkali metal, such as sodium, a potassium, a rubidium, and caesium, as an electron donor. What 
is necessary is just to use a halogen atom or halogen molecules, such as chlorine, a bromine, and iodine, as an electron hole donator. 
Moreover, molecules, such as an oxygen molecule, ammonia, and a benzalkonium chloride, may be used as a charged-particle 

donator. i.« - • -n. 

[003 1 ] Drawing 5 is the mimetic diagram showing the top face of the 3rd example of the field-effect transistor of this invention. The 
electrification donator 7 exists in the interior of a carbon nanotube. Fullerene may be used as an electrification donator. For example, 
what is necessary is just to use C60, C70, C76, C78, C82, C84, C92, etc. Moreover, the fullerene by which chemical modification was 
carried out is sufficient. Moreover, fullerene may connote still more nearly another atom. For example, the fullerene which connoted 
La, Er, Gd, Ho, Nd, Y, Sc, Sc2, and Sc3N may be used. Both such fullerene acts effectively as a charged-particle donator. 
[0032] As kn approach of supplying an electron or an electron hole, radiation irradiation and the manufacOire approach by metal 
vacuum evaporation© can be used for a carbon nanotube. 

pffect of the Invention] According to this invention, since saturation velocity can constitute a channel from gate length equivalent to 
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the compound field-effect transistor of the conventional III-V group with a very large carbon nanotube, the field-effect transistor 
which controls or amplifies a digital electrical signal or an analog electrical signal on a very high fi-equency is realizable. 



[Translation done.] 
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* NOTICES * 

JPO and NCXPZ are not: responsible for any 
damages caused by the use of this translation. 

1. This dcx^ument has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

Prawing 1] The mimetic diagram of the cross section of the field-effect transistor which is tiie 1 st example of this invention. 
Prawing 2] The mimetic diagram of the top face of the field-effect transistor which is the 1st example of this invention. 
[Drawing 3] The mimetic diagram of the cross section of a field-effect transistor which installed the insulator layer on the conductive 
substrate in the 1 st example of this invention. 

[Drawing 4] The mimetic diagram of the top face of the field-effect transistor which is the 3rd example of this invention. 
Prawing 5] The mimetic diagram of the top face of the field-effect transistor which is the 4th example of this invention 
Prawing 6] The mimetic diagram of the cross section of the field-effect transistor which is the conventional example. 
Prawing 7] The mimetic diagram of the top face of the field-effect transistor which is the conventional example, 
pescription of Notations] 

1 Substrate 

2 Channel 

3 Source Electrode 

4 Drain Electrode 

5 Insulator 

6 Gate Electrode 

7 Charged-Particle Donator 

8 Insulator Layer 

[Translation done.] 
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2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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[Drawing 4] 
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[Drawing 7] 
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[Translation done.] 
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